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Femtosecond X-ray Source Instrumentation
Initial Concepts

Walter Barry

Mike Chin, Greg Stover
12/7/01

BPM’s

1) Single shot turn-by-turn capability, basic requirements:
Dynamic Range = 0.01 nC -5 nC
Resolution:

20um @ 1 nC
100 um @ 0.1 nC
1000 um @ 0.01 nC

2) Electrostatic button pickups, 50 ohm, welded-in vacuum chamber for
compactness.

3) Detection at 3xfy = 3.9 GHz for maximum sensitivity, heterodyne
down conversion of pulse to baseband.

4) Direct digitization of individual pickups with on a turn-by-turn basis
(approximately 1MHz in linac) with a bunch rate of 10 kHz using

multichannel A/D’s. Allows bunch-by-bunch position determination.

5) Broad array of processing and calibration algorithms are possible at
10 kHz rate. Prototyping at ALS Linac possible.

6) Issue — ring turn time not equal (increasing pass lengths) special
attention needs to be paid to clocking system.

7) Cost $4k per location?
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BCM’s (Bunch Charge Monitors)

1) “Off-the-shelf” from Bergoz, cost TBD.

BLM’s (Beam Loss Monitors)

1) Most likely a combination of CLIC (coaxial linear ionization
chamber), Cherenkov detectors and diode based detectors.

2) CLIC used at SLAC is cheap and allows continuous pinpoint
coverage. Sensitivity is approximately 3 mV/J to over 130mV/J

depending on chamber gas mixture etc. May not meet 0.01nC loss
spec. More information from SLAC required.

Bunch-by-Bunch/Turn-by-Turn Phase Monitor

1) Simple phase detection against MO at some harmonic of fif. Digitize
result. Similar detection and clocking considerations as BPM

Photon-Based Diagnostics
1) Synchrotron light monitors for transverse profile. Frame grabbers.
Pepper pot and imaging for emittance. Low- energy first turn needs

study.

2) Streak cameras for longitudinal measurements, $100 k per location.

Intercepting Diagnostics

1) Phospher screens (Alumina paddles doped with Chromox 6), “harps”,
etc. for steering, profile and emittance. Significant Mechanical
Engineering component. ‘

Laser-to-bunch timing — See John Byrd talk
1) Ultra stable RF phase-lock —loop techniques. Femtosecond

measurement issues, AM-to-PM noise conversion. Prototype what has
already been done in the field and take it from there.
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